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(54) Battery cell electrode core plate, fabrication method therefor, and battery cell made therewith 



(57) In a first process, an electrically conductive thin 
metal plate 7 is subjected to a press molding process 
employing a plurality of punches 3 in a primary molding 
block 1 and a plurality of dies 4 in a secondary molding 
block 2, so as to form therein a plurality of hollow pro- 
jections 9 that project from one side of the metal plate 
7, and bulges 14 that bulge out in a direction opposite 
to that of the projections 9, positioned between the pro- 



jections 9. In a second process, the metal plate 7 on 
which have been formed the plurality of projections 9 
and bulges 14 is subjected to either chemical etching. or 
electrolytic etching, so as to form through holes 17 by 
corrosively removing thin-walled portions 11 from the 
tips of the projections 9, and. at the same time, to cor- 
rosively form innumerable fine irregularities 18 over the 
entire surface of the metal plate 7. 
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• Description 

[0001] This invention relates to electrode core plates 
that constitute materials used in configuring the positive 
and negative electrode plates that are used in various 
types ot primary cell, and in the various types of second- 
ary cell of which the main representative types are pol- 
ymer electrolyte secondary ceils, non-aqueous lithium 
secondary cells, and alkaline secondary cells, together 
with a method of fabricating such core plates, and ceils 
wherein such core plates are employed. 
[0002] Most of the primary cells used in portable 
equipment are either manganese dry ceils, alkaline 
manganese dry cells, or lithium cells. In the field of sec- 
ondary cells, nickelcadmium storage ceils and nickel- 
hydrogen storage ceils have been in wide use for some 
time. In more recent years, lithium ion secondary cells 
using organic electrolytes. lithium secondary cells using 
polymer electrolytes, and lithium secondary cells using 
solid electrolytes, all of which feature lighter weight, 
have begun to be used. 

[0003] It is now being demanded in these cells, in re- 
cent years, that they perform in a way that exhibits high- 
er energy density, and the appearance of cells exhibiting 
higher volume-energy density (Wh/I) and weight-energy 
density (Wh/kg), which are indices of how compact and 
how light-weighted the cells are. is eagerly awaited. The 
main factor in determining energy density in battery cells 
is the active material in the positive and negative elec- 
trodes that constitute the power generating elements, 
but another very important problem is that of how to im- 
prove the electrode core plates that retain the active ma- 
terials in the electrode plates and collect the electrical 
current. In other words, the energy density of the ceils 
can be improved if the electrode core plates are made 
thinner and lighter in weight without impairing the cur- 
rent collection characteristics that bear upon electrode 
reaction utilization factor and the ability to retain the ac- 
tive material. 

[0004] Typical electrode core plates that have been 
used conventionally are sintered substrates, porous 
metal foam substrates, flocculated substrates, perforat- 
ed corrugated substrates, punched metal substrates, 
expanded metal substrates, and metal foil substrates. 
Among these, the first four types, namely sintered sub- 
strates, porous metal foam substrates, flocculated sub* 
strates, and perforated corrugated substrates, result, af- 
ter processing, in electrodes of comparatively large 
thickness, i.e. 0.5 mm or greater. The last three types, 
namely punched metal substrates, expanded metal 
substrates, and metal foil substrates, on the other hand, 
yield, after processing, electrodes of comparatively thin 
thickness. * 

[0005] The sintered substrate is made by forming 
nickel or' other metal powder into a substrate form and 
sintering it. The holes in the sintered body are filled with 
an active material and the substrate Is used, for exam- 
ple, as the positive electrode in an alkaline storage cell. 



The advantage of this sintered substrate is that, as an 
electrode plate, it exhibits outstanding current collection 
characteristics and active material retention ability. In 
the porous metal foam substrate, a metal such as nickel 
s is fashioned into a sponge-like three-dimenslonally po- 
rous body. This type of substrate is currently used, for 
example, in the positive electrodes of high-capacity al- 
kaline storage cells. In the flocculated substrate, the sur- 
face of a metal sheet is flocked with metal fibers. In the 

to perforated corrugated substrates disclosed, for exam- 
ple, in Japanese Published Unexamined Patent Appli- 
cations No.7-1 30370 and in No.7-335208. burrs are 
formed around punched holes, from one or both sides 
ot a metal plate, which is then subjected to corrugation 

IS molding. By adopting these substrates in the coated 
electrodes on which an active material is coated, it is 
hoped that improvements will be realized in the current 
collection characteristics and active material retention 
ability of the electrodes. 

20 [0006] The punched metal substrate is fabricated by 
subjecting a metal plate to a perforating process using 
a metal die punch. The expanded metal substrate is ob- 
tained by subjecting a metal plate to lath processing. 
Since both of these substrates are comparatively Inex- 

25 pensive, they are widely used as electrode core mate- 
rials. The metal foil substrate is used In applications 
where aluminum, copper, or other metal foil is used as 
the electrode core plates, and is widely used in thin elec- 
trode plates in lithium secondary cells, etc., due to its 

30 characteristic of being thin. 

[0007] What is demanded in these electrode core 
plates, in addition to low cost and being very amenable 
to mass production, is that they perlorm well as elec- 
trode plates. More specifically, it is demanded that they 

3S exhibit excellent current collection characteristics, ex- 
cellent active material retention, the absence of sharply 
pointed projections or burrs that cause separator rup- 
ture, resulting in internal shorts between positive and 
negative electrodes, small volume in the interest of high- 

40 er energy density, and the ability of the electrolyte or 
gasses to circulate properly, etc. Among the electrode 
core plates discussed in the foregoing, however, not a 
single one satisfies all of these demands in a balanced 
manner. 

45 [0008] More specifically, the sintered substrate exhib- 
its a high base material volume ratio, making it unsuita- 
ble for achieving high energy density in electrode plates, 
and it is also expensive. Both the porous metal foam 
substrate and the flocculated substrate are compara- 

50 lively expensive, and each suffers the shortcoming of 
being susceptible to internal shorting caused by metallic 
projections. The perforated corrugated substrate retains 
the active material by projections and burrs, for which 
reason bonding with the active material is relatively 

55 weak, and further suffers the shortcoming of a suscep- 
tibility to internal shorting caused by the burrs around 
the holes. Both the punched metal substrate and the ex- 
panded metal substrate have a flat and comparatively 
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simple shape, and therefore are inferior in terms of cur- 
rent collection characteristics and active material reten- 
tion ability. The metal foil substrate basically has no 
holes in it. making it problematic in terms of electrolyte 
liquid circulation and of the current collection character- 
istics and active material retention exhibited by the elec- 
trode plate. 

[0009] In view of the foregoing, an object of the 
present invention is to provide electrode core plates that 
exhibit high active material retention capabilities and 
good current collection characteristics, with which high 
energy density can be achieved, and wherewith there is 
no danger of internal shorting, while also providing afab- 
rication method therefore and battery cells wherein such 
electrode core plates are used. 

[0010] In order to achieve the object stated above, the 
present invention is a method of fabricating a battery cell 
electrode core plate that retains an active material and 
performs a current collection action, comprising: a first 
process of fabricating, by press molding, a thin metal 
plate exhibiting electrical conductivity, by means of a 
plurality of conical or pyramidal punches arranged in a 
primary molding block and of a plurality of concave dies 
corresponding to the punches and arranged in a sec- 
ondary molding block, thereby forming, in the metal 
plate, a plurality of hollow projections that project from 
one side thereof, and bulges that bulge out in the oppo- 
site direction from the projections in the intervals be- 
tween the projections; and a second process of forming, 
by subjecting the metal plate whereon are formed the 
plurality of projections and the bulges to either chemical 
etching or electrolytic etching, a plurality of through 
holes by corrosively removing the thin-walled material 
at the tips of the projections, and forming; at the same 
time, by corrosion, innumerable minute irregularities 
over the entire surface of the metal plate. 
[0011] When this method of fabricating electrode core 
plates is employed, the simple process of etching is 
adopted as the second process, wherefore, in the first 
process, if one merely forms hollow shaped projections 
wherein the material at the tips is of necessity thinned 
out, these thin-walled portions will be removed corro- 
sively in the second process and through holes will def- 
initely be formed. When, as in the prior art, a thin metal 
plate is perforated by a hole punching tool, it is very dif- 
ficult to punch the holes in a high-density arrangement, 
the opening ratio rises no higher than 20% or so, and 
burrs tend to develop. When the method of fabricating 
electrode core plates according to the present invention 
is employed, however, the perforations are formed with 
a high opening ratio of 60%. and can be formed in a 
high-density arrangement, while, in addition, the corro- 
sion induced by the etching solution does not produce 
burrs or other sharply pointed places. This method 
therefore makes it possible to fabricate high-quality 
electrode core plates, wherewith there is no danger of 
Intemal shorting, in a process that is extremely Inexpen- 
sive and well suited to mass production. 



[0012] Another method of fabricating a battery cell 
electrode core plate according to the present invention 
comprises: a first process of fabrrcating, by press mold- 
ing, a thin metal plate exhibiting electrical conductivity, 
s by means of a plurality of conical or pyramidal primary 
punches and a plurality of concave primary dies ar- 
ranged alternately in a primary molding block, and of a 
plurality of concave secondary dies corresponding to 
the primary punches and conical or pyramidal second- 
ary punches corresponding to the primary dies arranged 
in a secondary molding block, thereby forming, in the 
metal plate, a plurality of hollow projections that alter- 
nately project from both sides thereof, and bulges that 
bulge out in the opposite direction from the projections 

'5 in the intervals between the projections; and a second 
process of forming, by subjecting the metal plate wher- 
eon are formed the plurality of projections and bulges to 
either chemical etching or electrolytic etching, a plurality 
of through holes by corrosively removing the thin-walled 

20 material at the tips of the projections, and forming, at 
the same time, by corrosion, innumerable minute irreg- 
ularities in the entire surface of the metal plate. Thereby, 
in addition to realizing the same benefits as with the fab- 
rication method described earlier, a battery cell elec- 

25 trode core plate can be fabricated wherein the projec- 
tions project alternately from both sides. 
[001 3] In the first process in the present invention, as 
described above, it is possible to form the projections 
and the bulges with a reciprocal motion, using a setup 

50 wherein the primary molding block and the secondary 
molding block are positioned in parallel. Alternatively, a 
metal plate that is being moved at a constant speed can 
be fed in between the primary and secondary molding 
blocks that are linked together in a roller press configu- 

35 ration, so that a plurality of hollow projections together 
with a plurality of bulges that bulge out in the opposite 
direction from the projections are continuously formed 
in the metal plate. Thus it is possible to mass produce 
electrode core plate of high quality. 

40 [0014] In the present invention as described above, 
moreover, after the second process has been finished, 
the metal plate wherein the plurality of projections and 
bulges are formed can be subjected to press processing 
from both sides so that some of the bulges are made 

45 flat. By so doing, the volume of the electrode core plate 
can be reduced and high energy density is achieved. 
[0015] In the battery cell electrode core plate manu- 
factured by the fabrication method of the present inven- 
tion, projections that project on one side are formed, 

so through holes opened in the thickness dimension of the 
metal plate are formed inside the projections, bulges 
that bulge out in the opposite direction as the projections 
are formed between the projections, and nnany minute 
irregularities distributed over the entire surface of the 

55 metal plate are formed. 

[001 6] In this electrode core plate, contact with the ac- 
tive material is improved by the presence of the bulges, 
as compared to where the plate is flat. In addition, due 
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to the numerous minute irregularities, the degree of 
bonding between the active nnaterlal and the electrode 
core plate is Improved and, at the same time, the elec- 
trolyte liquid retention is improved. Furthermore, the ac- 
tive material particles on both sides of the electrode core s 
plate are directly interconnected via the through holes 
so that the active material bonding strength Is improved 
while, at the same time, the circulation of the electrolyte 
and gas is facilitated by the through holes. Accordingly, 
in electrode plates wherein this electrode core plate is io 
used, both the current collection characteristics and ac- 
tive material retention are excellent. In addition, be- 
cause the plate is formed by an etching process, burrs 
and other sharp places are the first places to be dis- 
solved, so that they disappear, for which reason the oc- 
currence of internal shorts is suppressed. 
[0017] In battery cell electrode core plate manufac- 
tured by another fabrication method according to the 
present invention, in the electrically conductive metal 
plate, projections are provided that project alternately 20 
on both sides, through holes are opened in the thickness 
dimension of the metal plate inside the projections, bulg- 
es that bulge out in the opposite direction from the pro- 
jections are provided in the trunks of the projections, and 
numerous minute irregularities are provided, distributed 2S 
over the entire surface of the metal plate. In addition to 
the benefits of the electrode core plate noted earlier, this 
electrode core plate is advantageous in that the active 
material retention capability is further improved because 
the projections are present on both sides of the metal 30 
plate. 

[0018] In the electrode core plate described in the 
foregoing, it is preferable that the plurality of through 
holes are configured in a regular distribution, arranged 
in a two-dimensional lattice form. When that is done, ac- 3S 
five material retention is uniform all over the metal plate 
and high current collection characteristics are obtained. 
[0019] It is also desirable that the hole shapes in the 
through holes be either circular or polygonal. 
[0020] It is further desirable that the thickness of the 40 
battery cell electrode core plate (that is, the apparent 
thickness that includes the projections either on one 
side or on both sides of the metal plate) be set at a thick- 
ness that is no more than three times the original thick- 
ness of the metal plate. When that thickness exceeds 45 
three times the original thickness, the condition of con- 
tact with the active material is favorable, but the tensile 
strength is inadequate when processing the electrode 
plate, resulting in electrode plate breaks, and this also 
readily becomes a cause of internal shorting. If the thick- so 
ness of the battery cell electrode core plate is expressed 
as X ^im and the opening ratio as Y%, then the config- 
uration should be such that 20 ^ X ^ 50 and Y ^ X + 1 0. 
[0021] The electrically conductive material making up 
the metal plate should preferably be any of iron, copper, ss 
nickel, aluminum, or some alloy made up primarily of 
these metals. It is also desirable that the amounts of the 
impurity elements silicon and carbon contained in the 



conductive materials making up the metal plate be lim- 
ited to 0.2 wt % or less, respectively, in order to prevent 
a deterioration in the active material utilization factor. 
[0022] It is moreover desirable that at least some part 
of the electrically conductive materials making up the 
metal plate be integrated with another substance that is 
either a metallic material, an inorganic substance, or an 
organic substance. This will prevent corrosion being 
caused by the electrolyte and enhance durability. 
[0023] The battery cell of the present invention is con- 
figured by forming an electrode plate by packing in the 
active material from both sides of the battery cell elec- 
trode core plate of the present invention, and making 
this electrode plate at least either the positive or the neg- 
ative electrode. This battery cell will exhibit high current 
collection characteristics, not be susceptible to internal 
shorting, and facilitate the attainment of high energy 
density. 

[0024] Preferred embodiments of the present inven- 
tion will be described with reference to the accompany- 
ing drawings, in which: 

Fig. 1 is a front elevation of a processing apparatus 
for implementing a first process in a method of fab- 
ricating an electrode core plate in a first embodi- 
ment of the present invention; 
Fig. 2 is an enlarged cross-sectional view of area A 
in Fig. 1 ; 

Fig. 3. in 3A to 3C, represents the order of the press 
molding process with the apparatus noted above. 
Fig. 3A being a cross-sectional view of the condition 
immediately prior to the metal plate being fed into 
the place where the two molding blocks engage, 
Fig. 3B being a cross-sectional view of the condition 
wherein the metal plate has begun to be fed in be- 
tween the two molding blocks, and Fig. 3C being a 
cross-sectional view of the condition wherein the 
punches and dies are in the closest proximity in the 
two molding dies; 

Fig. 4 is a plan view of the metal plate after the first 
process in the embodiment noted above; 
Fig. 5 is an enlarged vertical cross-sectional view 
of the metal plate after the first process in the em- 
bodiment noted above; 

Fig. 6A is a vertical cross-sectional view of an elec- 
trode core plate molded in the course of the second 
process in the embodiment noted above; Fig. 6B is 
a plan view of the same electrode core plate; and 
Fig. 6C is an enlarged partial view depicting the 
minute irregularities in the same electrode core 
plate; 

Fig. 7A is a vertical cross-sectional view of a 
processing apparatus for implementing a first proc- 
ess in a method of fabricating an electrode core 
plate in a second embodiment of the present inven- 
tion; Fig. 7B is a vertical cross-sectional view of the 
metal plate after the first process; and Fig. 7C is a 
vertical cross-sectional view of the electrode core 
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plate formed in the course of a second process; 
Fig. 8A is a vertical cross-sectional view of a 
processing apparatus for implementing a first proc- 
ess in a method of fabricating an electrode core 
plate in a third embodiment of the present invention; 
Fig. SB is a vertical cross-sectional view of the metal 
plate after the first process; and Fig. 8C is a vertical 
cross-sectional view of the electrode core plate 
formed In the course of a second process; 
Fig. 9 is a vertical cross-sectional view of an elec- 
trode plate wherein an electrode core plate of the 
present invention is used; and 
Fig. 1 0 is a partially cut-away diagonal view of a bat- 
tery cell wherein an electrode core plate of the 
present invention is used. 

[0025] Fig. 1 is a front elevation of a processing ap- 
paratus for implementing a first process in a method of 
fabricating an electrode core plate in a first embodiment 
of the present invention, while Fig. 2 is an enlarged 
cross-sectional view of area A in Fig. 1. This embodi- 
ment exemplifies a case where electrode core plate is 
manufactured continuously in a rotary press setup, us- 
ing a primary molding block 1 and a secondary molding 
block 2. both of which are configured as roulette rollers. 
In the circumferential surface of the primary molding 
block 1 are formed square pyramidal punches 3 ar- 
ranged in a prescribed lattice pattern. In the circumfer- 
ential surface of the secondary molding block 2 are 
formed numerous dies 4 that accommodate the en- 
trance of the punches 3, arranged correspondingly with 
reference to the punches 3. For the metal plate 7 that 
constitutes the base material for the electrode core 
plate, a sheet-form thin metal plate such as a metal foil 
is used, such as thin metallic aluminum plate having a 
thickness of 25 ji, for example. This metal plate 7 base 
material will be described in greaterdetail later The met- 
al plate 7 is fed in between the primary molding block 1 
and the secondary molding block 2 that turn in the di- 
rection of the arrow in Fig; 1 , and are thus subjected to 
a press moldjng process that is similar to a deep drawing 
process, as diagrammed in Fig. 2. This press molding 
process is now described with reference to Figs. 3A-3C. 
[0026] Figs. 3A-3C are process diagrams depicting 
the rotary press as deployed horizontally Fig. 3A dia- 
grams the condition immediately prior to the feeding in 
of the metal plate 7 where the two molding blocks 1 and 

2 engage. Fig. 3B diagrams the condition where the 
metal plate 7 has begun to be fed in between the en- 
gaging segments of the two molding blocks 1 and 2. As 
is depicted in Fig. 38. the metal plate 7 is pushed into 
and bent to conform to the dies 4 of the secondary mold- 
ing block 2 by beingpushed down by the punches 3 in 
the primary molding block 1 , whereby are formed square 
pyramidal concavities 8 corresponding to the punches 

3 and the dies 4. In this embodiment, the punches 3 and 
dies 4 are given a square pyramidal shape, but this may 
be some other shape, such as a polygonal pyramid or 



cone shape. 

[0027] Fig. 3C diagrams a portion of the engaged 
state wherein the punches 3 and dies 4 in the two mold- 
ing blocks 1 and 2, respectively, are in closest proximity. 
5 At this time, hollow projections 9, shaped externally as 
square pyramids, are formed by the numerous punches 
3 and dies 4, arranged in a lattice pattem, as respec- 
tively diagrammed in the plan of Fig. 4 and the enlarged 
vertical cross-sectional view of Fig. 5. In the tips of the 

10 hollow projections 9, that is, in their lower ends, are gen- 
erally formed very small holes 10. while thin-walled por- 
tions 11 are formed in the vicinity of the projections at 
their lower end, and sloping surfaces 12 are formed 
above and around the thin-walled portions 11 . In the por- 

is lions between every pair of adjacent projections 9, as 
diagrammed in Fig. 3C, bulges 14 that bulge out in the 
opposite direction as the projections 9 are formed, 
pushed up inside the spaces 13 between the punches 
3 in the primary molding block 1 along pairs of adjacent 

20 punches 3. Many of these hollow projections 9 having 
the extemal shape of a square pyramid are arranged 
and evenly distributed in a two-dimensional lattice pat- 
tern corresponding to the positions of the punches 3 and 
dies 4 provided respectively in the prinnary molding 

2S block 1 and secondary molding block 2. as clearly dia- 
grammed in Fig. 4. 

[0028] The metal plate 7 whereon the numerous hol- 
low projections 9 and bulges 14 are arranged as de- 
. scribed In the foregoing is subjected to an etching treat- 

30 ment in a second process. This treatment corrosively 
removes the thin -walled portions 11 in the projections 9, 
as diagrammed in the vertical cross-sectional view of 
Fig. 6A and in the plan view of Fig. 68. As a result, the 
very small holes 10 are expended to form the through 

3S holes 17, while on the bulges 14 and sloping surfaces 
12 are formed numerous fine irregularities 18, by the 
corrosive action of the etching fluid, as diagrammed in 
Fig. 8C which is an enlarged diagram thereof. 
[0029] In this manner the electrode core plate 19 in 

40 the first embodiment of the present invention is finished. 
In the etching treatment, moreover, the sloping surfaces 
12 are corroded by the etching fluid so that the walls 
thereof are made slightly thinner, as diagrammed in Fig. 
6A, while the edges of the through holes 17 that are 

4S etched take on a rounded shape, wherefore sharply 
pointed places are removed from the entire surface of 
the electrode core plate 19. It is also effective, prior to 
the etching treatment, to employ a method for removing 
the tips of the projections beforehand by some mechan- 

50 leal means. Alternatively, a press process may be em- 
ployed from above and below, after the etching treat- 
ment, to partially flatten the bulges 14. 
[0030] The etching treatment described above is per- 
formed by either chemical etching or electrolytic etching, 

55 for which the desirable etching conditions are now de- 
scribed. When the metal plate 7 is an aluminum thin 
plate as in this embodiment, a 40% aqueous solution of 
caustic potassium hydroxide is used as the etching fluid. 
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into which etching fluid the metal plate 7 is immersed for 
2 minutes at room temperature. When the metal plate 7 
is copper thin plate, an aqueous solution of 20% ferric 
chloride is used as the etching fluid, immersing the metal 
plate 7 for 1 2 minutes therein. And when the metal plate 
7 is steel thin plate, the etching fluid used is a mixture 
of 50% ferric chloride and 50% nitric acid, immersing the 
rnetal plate 7 for 10 minutes therein. 
[0031] Fig. 7 A is a vertical cross-sectional view of a 
processing apparatus for implementing a first process 
in a method of fabricating an electrode core plate in a 
second embodiment of the present invention. This 
processing apparatus is represented in a horizontally 
deployed diagram of a case vihere the electrode core 
plate is continuously fabricated in a rotary press setup, 
using a primary molding block 20 and a secondary mold- 
ing block 21 configured as roulette rollers as dia- 
grammed in Fig. 1. similar to the embodiment dia- 
grammed in Fig. 1 . About the circumferential surface of 
the primary molding block 20 are formed numerous 
square pyramidal punches 23a that project downward 
from a base surface 22a, arranged in a lattice pattern, 
while dies 24a that are indented from the base surface 
22a and have shapes corresponding to the tips of the 
punches 23a are formed in intermediate positions be- 
tween pairs of adjacent punches 23a. respectively. The 
secondary molding block 21 , on the other hand, is made 
in a shape that is a vertical inversion of the primary mold- 
ing block 20. In other words, about the circumferential 
surface of the secondary molding block 21 are formed 
numerous punches 23b that project upward from a base 
surface 22b, shaped as square pyramids that fit into the 
dies 24a in the primary molding block 20, and arranged 
in a lattice pattern, while dies 24b that are indented from 
the base surface 22b and are shaped as square pyra- 
mids that can accommodate the tips of the punches 23a 
in the primary molding block 20 are formed in the inter- 
vals between the punches 23b. 

[0032] The metal plate 7 is fed in between the primary 
molding block 20 and secondary molding block 21 , sub- 
jected to a press molding process similar to a deep 
drawing process by the mutually corresponding punch- 
es 23a and 23b and dies 24b and 24a therein, whereby 
hollow projections 27 externally shaped as square pyr- 
amids are alternately formed on both sides of the metal 
plate 7, as diagrammed in Fig. 7B, arranged in a lattice 
pattern. At the tips of these hollow projections 27 are 
formed thin-walled portions 28, while around the thin- 
walled portions 28 are formed sloping surfaces 29. Fur- 
thermore, in the areas surrounding the sloping surfaces 
29, the metal plate 7 is bent inside the spaces 31 be- 
tween the base surfaces 22a and 22b of the upper and 
lower molding blocks 20 and 21. respectively, to form 
bulges 30. With this fabrication method, very small holes 
may or may not be formed in the tips of the projections 
27. 

[0033] The metal plate 7 wherein numerous hollow 
projections 27 and bulges 30 are arranged, as described 



above, is subjected to an etching treatment in a second 
process. This treatment corrosively removes the thin- 
walled portions 28 of the projections 27, as diagrammed 
in the vertical cross-sectional view in Fig. 7C, whereup- 
s on through holes 33 are formed, while, as in the first 
embodiment, although not shown in the drawings, nu- 
merous fine irregularities are formed by the" corrosive 
action of the etching fluid in the bulges 30 and sloping 
surfaces 29. Thus the electrode core plate 32 in the sec- 
10 ond embodiment of the present invention is finished. In 
the etching treatment, moreover, the edges of the 
through holes 33 that are etched take on a rounded 
shape, wherefore sharply pointed places are removed 
from the entire surface of the electrode core plate 32. 
IS [0034] Fig. 8A is a vertical cross-sectionial view of a 
processing apparatus for implementing a first process 
in a method of fabricating an electrode core plate in a 
third embodiment of the present invention. With this 
processing apparatus is exemplified a case where, in- 
stead of the rotary press setup of the first and second 
embodiments, a reciprocal setup is used to fabricate the 
electrode core plate. In the tower surface of a press plate 
34 are fixed numerous needle pins 37 having square 
pyranhidal tips 38 in their lower ends, arranged in a lat- 
tice pattern. A press process is performed wherein, 
when the metal plate 7 has moved a certain length in 
the direction of the arrow to a prescribed position, the 
press plate 34 descends a prescribed distance and the 
tips 38 of the needle pins 37 are pushed into the metal 
plate 7. 

[0035] After that the press plate 34 ascends and the 
tips 38 of the needle pins 37 are extracted from the metal 
plate 7, whereupon the next unprocessed portion of the 
metal plate 7 is moved into the prescribed position below 
the press plate 34 and so positioned, and the press plate 
34 again descends to repeat the press process. In Fig. 
8A the platform supporting the metal plate 7 is omitted. 
[0036] As a result of the press molding process de- 
scribed above, the metal plate 7 has hollow projections 
39 formed in it. externally shaped as square pyramids, 
and arranged in a lattice pattern, by the tips 38 of the 
needle pins 37, as diagrammed in Fig. 8B. Small caliber 
holes 40 are punched in the tips of the hollow projections 
39. while thin-walled portions 41 are formed in the area 
surrounding the tips and sloping surfaces 42 are formed 
above and around the thin-walled portions 41 . Radiused 
corners 43 are also formed above and around the slop- 
ing surfaces 42. 

[0037] The metal plate 7 provided with the hollow pro- 
jections 39 and the radiused corners 43. as described 
above, is subjected to an etching treatment in a second 
process. This treatment corrosively removes the thin- 
walled portions 41 in the projections 39, as diagrammed 
in the vertical cross -sectional view of Fig. 8C, whereby 
the small caliber holes 40 are expanded to form through 
holes 44, while over the entire surface thereof, although 
not shown in the drawings, numerous fine irregularities 
are formed by the corrosive action of the etching fluid. 
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as in the first and second embodiments, whereupon the 
electrode core plate 47 according to the fabrication 
method in the third embodiment of the present invention 
is finished. In this electrode core plate 47 also, due to 
the etching treatment, the edges of the through holes 
44 take on a rounded shape, whereupon all places hav- 
ing sharply pointed shapes are removed from the entire 
surface. 

[0038] In the fabrication methods of the first, second, 
and third embodiments, described in the foregoing, an 
etching treatment is employed as a second process, 
wherefore, merely by press-molding the hollow shaped 
projections 9, 27. and 39 having thin-walled portions 11 . 
28, and 41 inevitably formed at their tips, the thin-walled 
portions 11, 28, and 41 are corrosively removed in the 
second process, thereby definitely forming through 
holes 17, 33, and 44. Thus. In the fabrication methods 
for the electrode core plaje 9, 32. and 47 in the present 
invention, the through holes 17, 33, and 44 are formed 
with a high opening ratio of 60% or so, facilitating high- 
density arrangements, while, at the same time, burrs 
and other sharply pointed places are removed by the 
corrosive action of the etching fluid, thus making it pos- 
sible to manufacture high-quality electrode core plate 
1 9, 32, and 47 very inexpensively, with good mass pro- 
duction yield. By contrast, it is very difficult to punch 
holes in a high-density arrangement in a thin metal plate 
in a perforation process using a punching tool. The max- 
imum opening ratio afforded by such a process is 20% 
at best, and burrs tend to be made also. 
[0039] Furthermore, the electrode core plate 1 9, 32, 
47 obtained by the fabrication methods of the present 
invention have in common that they all have numerous 
minute irregularities ISovertheir entire surface, through 
holes 17, 33, and 44 are also provided, and there are 
no places having sharply pointed shapes. An electrode 
plate and a battery cell wherein the electrode core plate 
1 9 based on the first embodiment is used are described 
below, but it should be understood that the same bene- 
fits are realized with the other electrode core plate 32 
and 47. 

[0040] After fabricating an electrode plate using the 
electrode core plate 19, actual measurements were 
made to evaluate battery cell performance. This is now 
explained further. Fig. 9 is a vertical cross-sectional view 
of an electrode plate 49 configured by filling in an active 
material 48 from both sides of the electrode core plate 
19, Fig. 10 is a diagram of a battery cell 50 configured 
with the electrode plate 49 used in both the positive and 
negative electrodes. This cell 50 is now described in 
terms of an example wherein a lithium ion secondary 
cell is embodied. 

[0041] The electrode core plate 1 9 used in this cell 50 
is first described. Aluminum was used in the electrode 
core plate 19 for the positive electrode, as described in 
the first embodiment. For the electrode core plate 19 
used as the negative electrode, copper foil (Cu) was 
used. 20 ^ in thickness, with the fabrication done using 



the same method as in the case of aluminum in the first 
embodiment. For the copper, the etching treatment in 
the second process was done using a solution of nitric 
acid. In conducting the press molding In the first process 

5 for the respective electrode core plates 1 9 made from 
copper and aluminum, respectively, when press molding 
the upper surface of the metal plate 7 using a primary 
molding block 1 having punches 3 formed as square pyr- 
amids with opening dimensions of 1 .0 mm on the side 

10 and an apex angle of 60°, openings were obtained 0,3 
mm or less on the side in the tips at 0.1 to 0.5 mm. yield- 
ing an opening ratio of 2% or less after the press mold- 
ing. Subsequently, with the etching treatment in the sec- 
ond process, the opening ratio improved to 30% or so. 

IS A post-etching opening ratio of 30% or lower is desirable 
in the interest of the strength of the electrode core plate 
19. 

[0042] Using the electrode core plate 19 described 
above, an electrode plate 49 and battery cell 50 were 

20 fabricated. More specifically, in forming the positive 
electrode plate 49A, an active material 48 consisting of 
a paste-form mixture of a conducting agent comprising 
LiCoOg and acetylene black, and a fluorine resin bond- 
ing agent, was applied to an electrode core plate 19 

^5 made of aluminum, which was then dried and subjected 
to press pressure, and cut to prescribed dimensions. A 
lead (not shown) was attached to this positive electrode 
plate 49 A to facilitate connection to a positive terminal 
51 on the cell 50. For the separator 52, a finely porous 

30 polyethylene film having a thickness of 27 \i was used. 
In forming the negative electrode plate 49B, a paste- 
form active material 48 consisting of graphite beads to 
which a styrene butadiene rubber (SBR) bonding agent 
and a carboxy-methyl cellulose (CMC) thickener had 

35 been added was applied to the electrode core plate 1 9 
made of copper, which was then dried and subjected to 
press pressure, and cut to prescribed dimensions. 
[0043] Next the positive electrode plate 49A and neg- 
ative electrode plate 49B were wound up into a spiral 

40 form, with the separator 52 interposed therebetween, 
accommodated in an outer metal jacket 53, and packed 
with an electrolyte (not shown). 

[0044] Then, while connecting the positive electrode 
plate 49Atothe positive pole terminal 51 that is a sealed 

^ battery cell cap with an aluminum lead piece (not 
shown), the negative electrode plate 498 was connect- 
ed by a nickel lead piece (not shown) to the negative 
pole terminal 54 of the outer metal jacket 53. For the 
electrolyte that was used, lithium phosphate hexaftuo- 

50 ride (LiPF) at 1 mot/1 concentration was dissolved in a 
mixture containing ethylene carbonate (EC) and diethyl 
carbonate (DEC) in a molar ratio of 1 :3. This electrolyte 
was injected into the battery ceil, and. using ordinary 
laser sealing, the outer metal jacket 53 was sealed with 

55 a sealing plate 57 to form the sealed battery cell 50. This 
cell 50 has a cell weight of approximately 1 8 g and a cell 
capacity of 620 mAh. This cell 50 is herein called cell A 
of the present invention. 
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[0045] In order to make performance comparisons 
with the cell A of the present invention, battery cells B. 
C. and D were fabricated as examples of the prior art. 
Cell B differs from cell A of the present invention in that 
cell B uses a metal foil as the electrode core plate. More 
specifically, using aluminum foil having a thickness of 
25 ^ as the electrode core plate for the positive elec- 
trode, and copper foil having a thickness of 20 \i as the 
electrode core plate for the negative electrode, positive 
and negative electrode plates were configured. 
[0046] Cell C differs from cell A of the present inven- 
tion in that cell C uses punched metal for the electrode 
core plate. More specifically, using aluminum punched 
metal having a thickness of 30 and holes measuring 
2 mm in diameter with an opening ratio of 20% as the 
electrode core plate for the positive electrode, and cop- 
per punched metal having a thickness of 25 \i and holes 
measuring 2 mm in diameter with an opening ratio of 
20% as the electrode core plate for the negative elec- 
trode, positive and negative electrode plates were con- 
figured. 

[0047] Cell D differs from cell A of the present inven- 
tion in that cell D uses, for the electrode core plate, the 
perforated corrugated substrate set forth in Japanese 
Published Unexamined Patent Applications 7-130370 
and No. 7-335208. More specifically, using as the elec- 
trode core plate for the positive electrode an aluminum 
perforated corrugated substrate formed by subjecting 
both sides of a metal plate having a thickness of 50 ^ 
both to a mechanical perforating process, to produce 
burrs, and to a corrugating molding process, and as the 
electrode core plate for the negative electrode a copper 
perforated corrugated substrate formed by subjecting 
both sides of a core material having a thickness of 35 ^ 
both to a mechanical perforating process, to produce 
burrs, and to a corrugating molding process, positive 
and negative electrode plates were configured. In all re- 
spects other than the electrode core plate, the configu- 
ration of cells B. C. and D was made the same as that 
of cell A. 

[0046] After fabricating the four types of battery cell, 
namely A, B, G, and D. having mutually different types 
of electrode core plate, as described in the foregoing, 
the actual performance of the electrode core plate in 
terms of electrode plates was subjected to comparative 
evaluation. First, the standard cell characteristics of the 
cells in their initial states were investigated. The results 
indicated no great difference between the four types of 
cell, i.e. A, B, C, and D, in terms of either charging and 
discharging voltages or discharge capacity. 
[0049] Next, the high-efficiency discharge character- 
istics in a low-temperature environment were evaluated. 
Charging was performed in a 20*C environment using 
constant voltage constant current charging (4.2 V, nnax. 
0.5 A. 2 hours), while discharging was performed using 
constant current discharge at 1 CmA (620 mA) in a O^'C 
low-temperature environment with an end voltage of 3.0 
V. The results indicated differences between the four 



types of battery cell in terms of discharge voltage and 
discharge capacity ratio. In particular, in terms of the dis- 
charge capacity ratio relative to the standard capacity 
of 1 CmA at O^C, mean values of 92% for cell A, 84% 
s for cell B, 86% for cell C. and 87% for cell D were ob- 
tained. Thus it was clearly demonstrated that cell A of 
the present invention exhibits outstanding high-efficien- 
cy discharge performance at low temperatures. 
[0050] Here, in terms of configuration, cell A of the * 
10 present invention differs from the other three types, 
namely cells B. C. and D, only in the electrode core plate 
1 9. Thus it is believed that the difference In low-temper- 
ature discharge characteristics cited above reflects a 
difference in the current collection characteristics of the 
'5 active material 48 retained by the electrode core plate 
19. Accordingly, the electrode core plate 19 of the 
present invention used in cell A is believed to exhibit the 
most outstanding current collection characteristics. This 
is believed to be due to the fact that the electrode core 
plate 19 of cell A of the present invention has bulges 14 
therein, resulting in improved contact with the active ma- 
terial 48 as compared to a simple plate, and to the facts 
that the fine irregularities 18 improve active material 48 
retention and electrolyte liquid retention and that the cur- 
rent collection characteristics are improved in conjunc- 
tion with the Improvement in active material 48 retention. 
[0051] The charge-discharge cycle life characteristics 
of the four types of cell, A, B, C. and D, were also inves- 
tigated. In this test, charging at constant voltage and 
constant current (4.2 V, max. 0.5 A, 2 hours) and dis- 
charging at constant current (0.5 CmA, end voltage 3.0 
V) were repeated over and over in a 20'*C environment, 
and the number of cycles completed when the discharge 
capacity declined to 80% of the initial capacity was taken 
as the life of that cell. The results were that whereas cell 
A exhibited a life of 660 cycles, cell B exhibited a life of 
480 cycles, cell C a life of 51 0 cycles, and cell D. except 
for some samples, a life of 530 cycles. Some of the cells 
of type D developed internal shorts at a relatively early 
stage. 

[0052] Thus it was clearly demonstrated that cell A of 
the present invention exhibits outstanding performance 
also in terms of cycle life. This is thought to be due to 
the good electrolyte retention characteristics, and the 
significant improvement in both the adhesion and the 
bonding force between the active material 48 and the 
electrode core plate 19 afforded by the numerous fine 
irregularities 18 formed in the surface of the electrode 
core plate 19 by the etching treatment. 
[0053] In another test altogether, the battery cells 
were subjected to vibration and shock tests. In the vi- 
bration test, the four cell types, i.e. A, B, C, and D, after 
the completion of the initial charge-discharge cycle, 
were subjected to continuous mechanical vibration by a 
vibration testing machine while being charged and dis- 
charged. In the shock tests, test cells were dropped a 
number of times from a constant height. The objective 
in these tests was to determine whether or not the cells 
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were susceptible to internal shorting. 
[0054] These tests were performed on the four types 
of celL A. B, C, and O, using five cells of each type In 
each test. After the tests, cells A, B. and C exhibited no 
abnormality, while two of the five cell D test samples ex- s 
hibited internal shorting. These results for cell D are 
thought to be the inevitable result of using an electrode 
core plate wherewith an attempt has been made to sup- 
press active material peeling and enhance electrical 
conductivity with burrs having sharp edges. These tests io 
demonstrated that cell A, in which the electrode core 
plate 19 is used, is a highly reliable battery cell where- 
with there is little danger of intemal shorting. 
[0055] The four types of battery cell. A, B. C, and D, 
were also disassembled in dry air In order to observe ^5 
the condition of the electrode plates. As a result it was 
found that in cell A the active material 48 was most firmly 
retained in the electrode core plate 1 9, with the active 
material 48 retention ability being extremely good. This 
is due to the enhancement in adhesive strength result- 20 
ing both from the improved bonding force toward the ac- 
tive material 48 afforded by the presence of the bulges 
1 4 and fine irregularities 1 8 and from the fact of the par- 
ticles of the active material 48 on both the front and back 
surfaces of the electrode core plate 1 9 being directly 2S 
connected through the through holes 17. In contrast 
therewith, the electrodes in cell B wherein metal foil was 
used for the electrode core plate, and particularly the 
copper foils serving as the negative electrode plates 
therein, were found to be exposed over their entire sur- 30 
faces, and the greatest deterioration in active materia! 
retention was found therein. 

[0056] In order to ensure that the benefits described 
above are realized in battery cell A, it is desirable that 
the apparent thickness of the electrode core plate 19 3S 
and 47. Inclusive of the projections 9 and 39, respec- 
tively, on one side thereof, that is. the thickness T of the 
electrode core plate 1 9 and 47 be no greater than three 
times the thickness t of the original metal plate 7, as di- 
agrammed in Fig. 6 and Fig. 8C, and it is also desirable 40 
that the apparent thickness of the electrode core plate 
32, inclusive of the projections 27 on both sides thereof, 
that is, the thickness T of the electrode core plate 32, 
be no greater than th ree times the thickness t of the orig- 
inal metal plate 7, as diagrammed in Fig. 7C. When the 45 
apparent thickness T is made greater than this three 
times, although desirable in terms of how well contact 
is made with the active material 48, the tensile strength 
during the press molding process is inadequate, leading 
to breaks in the finished electrode core plate 1 9, 32, and so 
47. and tending to cause internal shorting. Accordingly 
this value should be set at 3 times or less. 
[0057] In the embodiments described, aluminum and 
copper are used as examples of the electrically conduc- 
tive material (metal plate 7) that is the configurational ss 
base material for the electrode core plate 19, 32, and 
47. Basically, however, this may be any of iron, copper, 
nickel, or aluminum, or any alloy made up primarily of 



these metals. It is also desirable that the elemental im- 
purities contained in these conductive materials, espe- 
cially silkjon and carbon, each be limited to 0.2 wt % or 
less. When the content of these elemental impurities, 
respectively, exceeds 0.2 wt %, this is known to affect 
the battery cell properties, inviting a decline both in the 
active material 48 utilization factor and in cycle life. 
[0058] Furthermore, when the conductive material 
that is the constituent base material for the electrode 
core plate 19. 32. and 47. at least in part, has been in- 
tegrated with another material selected from among me- 
tallic materials, inorganic materials, and organic mate- 
rials, performance improvements are realized in terms 
of electrolyte-induced corrosion prevention and im- 
proved durability, making it possible to improve the char- 
acteristics of the electrode core plate 19. 32, and 47. 
Examples of this include bonding two different simple 
metal plates together to make a single integrated unit, 
or subjecting the surface of a processed metal plate 7 
to a plating process to form a single integrated unit. For 
the metallic material that is to be integrated, inorganic 
materials and organic materials may also be used effec- 
tively other than normal metallic materials. Such inte- 
gration makes it possible to enhance the characteristics 
of the electrode core plate 19, 32, and 47, to prevent 
corrosion, and to enhance durability, etc., thus providing 
enhanced performance and new benefits. 
[0059] In the embodiments described in the forego- 
ing, the descriptions assume applications to lithium ion 
secondary cells. The present invention, however, is ap- 
plicable to alkaline manganese dry cells, lithium primary 
cells, and other types of primary cell, and also to polymer 
lithium cells, alkaline storage cells, and other types of 
secondary cell. 

[0060] As based on the method of fabricating battery 
cell electrode core plate according to the present inven- 
tion, as described in the foregoing, the simple process 
of implementing an etching treatment is adopted as the 
second process, wherefore, in the first process, by 
merely press-molding hollow projections wherein thin- 
walled portions are inevitably formed in the tips thereof, 
through holes will be definitely formed by the corrosive 
removal of the thin-walled portions in the second proc- 
ess. When a thin metal plate is subjected to a perforation 
process using a punching tool as in the prior art, it is 
very difficult to punch holes in a high-density arrange- 
ment, the maximum opening ratio realizable therewith 
is no better than 20% or so, and burrs are readily pro- 
duced. In contrast therewith, with the electrode core 
plate fabrication method of the present invention, 
through holes can be formed with a high opening ratio 
of 60% or so. and arranged in high density. In addition, 
burrs and other sharply pointed places are removed cor- 
rosively by the etching fluid, so that high-quality elec- 
trode core plate wherewith there is no danger of internal 
shorting can be manufactured at extremely low cost, 
with good mass production yield. 
[0061] As based on the battery cell electrode core 
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plate according to the present invention, furthermore, 
contact with the active material is improved by the pres- 
ence of bulges, as compared to flat surfaces, while ac- 
tive material bonding and electrolyte retention are also 
improved by the numerous fine irregularities. In addition, 
the active material particles on both sides of the elec- 
trode core plate are directly connected to each other 
through the through holes, so that active material bond- 
ing strength is enhanced, while, at the same time, the 
electrolyte and gas can freely circulate through the 
through holes. Accordingly, in electrode plates and bat- 
tery ceils wherein this electrode core plate is used, the 
current collection properties and active material reten- 
tion capabilities are both excellent, and, because they 
are formed by the implementation of an etching treat- 
ment, burrs and sharp places cease to exist, and there 
is no danger of internal shorting. 



Claims 

1. A method of fabricating battery cell electrode core 
plate that retains an active material and performs a 
current collection action, comprising the steps of: 

fabricating, in a first process, by press molding, 
a thin metal plate exhibiting electrical conduc- 
tivity, by means of a plurality of conical or py- 
ramidal punches arranged In a primary molding 
block and of a plurality of concave dies corre- 
sponding to said punches and arranged in a 
secondary molding block, thereby forming, in 
said metal plate, a plurality of hollow projec- 
tions that project from one side thereof, and 
bulges that bulge out in the opposite direction 
from said projections In the intervals between 
said projections; and 

forming, in a second process, by subjecting 
said metal plate whereon are formed said plu- 
rality of said projections and said bulges to ei- 
ther chemical etching or electrolytic etching, a 
plurality of through holes by corrosively remov- 
ing thin-walled material at the tips of said pro- 
jections, and forming, at the same time, by cor- 
rosion, innumerable minute irregularities over 
the entire surface of said metal plate. 

2. A method of fabricating battery cell electrode core 
plate that retains an active material and performs a 
current collection action, comprising the steps of: 

fabricating, in a first process, by press molding, 
a thin metaUplate exhibiting electrical conduc- 
tivity, by means of a plurality of conical or py- 
ramidal primary punches and a plurality of con- 
cave primary dies arranged alternately in a pri- 
mary molding block, and of a plurality of con- 
cave secondary dies corresponding to said pri- 



mary punches and conical or pyramidal sec- 
ondary punches corresponding to said primary 
dies arranged In a secondary molding block, 
thereby forming, in said metal plate, a plurality 
5 of hollow projections that alternately project 

from both sides thereof, and bulges that bulge 
out in the opposite direction from said projec- 
tions In the intervals between said projections; 
and 

10 forming, in a second process, by subjecting 

said metal plate whereon are formed said plu- 
rality of said projections and said bulges to ei- 
ther chemical etching or electrolytic etching, a 
plurality of through holes by corrosively remov- 
ing thin^ wailed material at the tips of said pro- 
jections, and forming, at the same time, by cor- 
rosion, innumerable minute irregularities over 
the entire surface of said metal plate. 

20 3. The battery cell electrode core plate fabrication 
method according to claim 1 or claim 2. wherein 
said metal plate is fed in between said primary 
molding block and said secondary molding block 
that are mutually engaged in a roller press configu- 

25 ration, at a constant speed, continuously forming. 
In said metal plate, the plurality of said hollow pro- 
jections and the plurality of said bulges that bulge 
out in a direction opposite to that of said projections. 

30 4. The battery cell electrode core plate fabrication 
method according to any of claims 1 to 3, wherein, 
after said second process is finished, said metal 
plate on which are formed the plurality of said pro- 
jections and said bulges Is subjected, from both 

35 sides, to press processing, partially flattening said 
bulges. 

5. A battery cell electrode core plate, fabricated ac- 
cording to the fabrication method cited in claim 1 . 

40 comprising: 

projections that project from one side of an 
electrically conductive metal plate; 
through holes punched out Inside said projec- 
45 tions, in the direction of the thickness of said 

metal plate; 

bulges that bulge out in a direction opposite to 
that of said projections, in intervals between 
said projections; and 
50 numerous fine irregularities distributed over en- 

tire surface of the metal plate. 

6. A battery cell electrode core plate, fabricated ac- 
cording to the fabrication method cited In claim 2, 

55 comprising: 

projections that project from both sides of an 
electrically conductive metal plate; 
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through holes punched out inside said projec- 
- tions. In the direction of the thickness of said 
metal plate; 

bulges that bulge out In a direction opposite to 
that of said projections, in trunks of each of said s 
projections; and 

numerous fine irregularities distributed over en- 
tire surface of the metal plate. 

7. The battery cell electrode core plate according to io 
claim 5 or claim 6. wherein a plurality of said through 
holes are distributed regularly in a two-dimensional 
lattice arrangement. 

8. The battery cell electrode core plate according to is 
any of claims 5 to 7. wherein said through holes are 
circular or polygonal holes. 

9. The battery cell electrode core plate according to 
any of claims 5 to 8. wherein the thickness of said 20 
battery cell electrode core plate is made to be no 
greater than three times an original thickness of 
said metal plate. 

The battery cell electrode core plate according to 25 
any of claims 5 to 9. wherein 20 g X ^ 50 and Y ^ 
X + 10, where the thickness of said battery cell elec- 
trode core plate is represented as X pm. and the 
opening ratio is represented as Y%. 

30 

11. The battery cell electrode core plate according to 
any of claims 5 to 10, wherein an electrically con- 
ductive material constituting said metal plate is ei- 
ther iron, copper, nickel, or aluminum, or any alloy 
based primarily on these metals. 35 

12. The battery cell electrode core plate according to 
claim 11, wherein content of elemental impurities 
silicon and carbon, respectively. In said electrically 
conductive material constituting said metal plate \s 40 - , 
limited to 0.2 wt % or less. 

13. The battery cell electrode core plate according to 
any of claims 5 to 12. wherein an electrically con- 
ductive material constituting said metal plate, at 4S 
least in part, is integrated with another material, 
namely either a metallic material, an inorganic ma- 
terial, or an organic material. 

14. A battery cell wherein: so 

an electrode plate is formed by packing an ac- 
tive material from both sides of the battery cell 
electrode core plate according to any of claims 
5 to 13; and 55 
said electrode plate is made at least one or oth- 
er of the positive electrode plate and the nega- 
tive electrode plate therein. 



12 



SOOCIO: <EP fM9A7SS»A1 I V 



EP 0 926 752 A1 



Fig. 1 




JSOOCrO: <EP p92e752A1 J_> 



13 



EP 0 926 752 A1 



13 13 




13 13 




•SOOaD:<EP P928752A1J > 



14 



EP 0 926 752 A1 




15 

«DOaD:<EP ^092e7S2Al I > 



EP 0 926 752 A1 

Fig. 6 A 




>lSOOCID:<EP P9267S2A1 I > 



EP 0 926 752 A1 



Fig. 7 A 




17 

.092e752A1J > 



EP 0 926 752 A1 




18 



EP 0 926 752 A1 



Fig. 9 




Fig. 10 

51 




19 

ISOOaD:<EP 0926752A1 I > 



EP 0 926 752 A1 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 31 0169 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate. 
of retevam passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.Cl.6) 



D.A 



US 5 162 178 A (OHSAWA TOSHIYUKI ET AL) 
10 November 1992 

* column 13, line 49 - line 68 * 

* column 14, line 3 - line 57 * 

* column 15, line 3 - line 8 * 

* column 15, line 57 - line 68 * 

* claims 2,10 * 

EP 0 651 451 A (MATSUSHITA ELECTRIC. IND CO 
LTD) 3 May 1995 

* page 2, line 52 - line 55 * 

* page 3, 1 Ine 1 - 1 Ine 16 * 

* page 4, line 13 - line 26 * 

* example 1; table 1 * 

* claims 1.5,6 * 



1.2,5,8, 
10,11.14 



H01M4/70 
H01M4/82 
H01M4/74 



1-3,8,9, 
11,13,14 



PATENT ABSTRACTS OF JAPAN 

vol. 096, no. 004, 30 April 1996 

& JP 07 335208 A (MATSUSHITA ELECTRIC 

CO LTD), 22 December 1995 

* abstract * 



1-3 



IND 



TECHNICAL FIELDS 
SEARCHED (lntCl.6) 



PATENT ABSTRACTS OF JAPAN 
vol. 008, no. 256 (E-280), 
22 November 1984 

& JP 59 130072 A (FUJI DENKI KAGAKU KK). 
26 July 1984 
+ abstract * 

WO 98 15021 A (KATAYAMA TOKUSHU KOGYO KK 
;SUGIKAWA HIROFUMI (JP)) 9 April 1998 
+ the whole document * 

WO 98 53512 A (TOYO KOHAN CO LTD ;YAMAZAKI 
YUJI (JP); KOIKE KAZUYUKI (JP); YAMANE) 
26 November 1998 
* the whole document * 



1,6.8.11 



HOIM 



1-4,8 



I, 2,8, 

II, 13 



The oresent search report has been drawn up for all clainns 



8 
I 
i 
s 

i 
s 

2 



Placfl of saareh 

THE HAGUE 



OaM of comoloiion of ifw saaich 

16 April 1999 



Gamez» A 



CATEGORY OF CITED DOCUMENTS 

X : parttcLdarty rolovant if taken alona 

Y : particulafiy relevant if combined vnth another 

document of the aanne category 
A : t9Chno1»gtcal background 
O : non-wrinen disclosure 
P : imermedlata dooumenl 



T : theory or principle undertyirig the invention 
E : earlier pateni document, but published oa or 

after the fi ing date 
D : document ated In the application 
L : document cited for other reasons 



a : member of the fiame patant famfly. corresponding 
document 



20 



SDOaD:<EP 0926752A1 I > 



EP 0 926 752 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 31 0169 



This annex lists the patent (amity members relating to the patent documents cited In the at^ove-menboned European search report 
The members are as contained In the European Patent Offtca EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given tor the purpose of information. 

16-04-1999 



Patem document 




Publication 




Patent family 




Publication 


cited in search report 




date 




memt>erts) 




date 


US B162178 


A 


10-11-1992 . 


DE 


3838329 


A 


24-05-1989 








JP 


2030060 


A 


31-01-1990 


EP 0651451 


A 


03-05-1995 


OP 


7130370 


A 


19-05-1995 








■ DE 


69416930 


D 


15-04-1999 








US 


5543250 


A 


06-08-1996 


WO 9815021 


A 


09-04-1998 


JP 


10106580 


A 


24-04-1998 


WO 9853512 


A 


26-11-1998 


AU 


7448998 


A 


11-12-1998 



9 

Hi For more details about this annex : see Official Journal of the European Patent Office. No. 12/82 



21 



MSDOaO:<EP_ 0926752A1 I > 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ black BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



QTfADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ■ 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents wffl not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 





